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[57] ABSTRACT

A cutting device for cutting thin-walled honeycomb
profiles of metal or plastics for airplane technology
includes a cutter which has sharply ground saw-shaped
teeth at its periphery; the steep flanks of individual teeth
extend opposite to the direction of rotation of the cut-
ter.

39 Claims, 9 Drawing Figures
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CUTTING DEVICE FOR CUTTING HONEYCOMB
LIGHT CONSTRUCTIONS

BACKGROUND OF THE INVENTION

The present invention relates to a cutting device for
cutting thin-walled multi-layer hollow profiles, such as
honeycomb elements utilized, for example“in airplane
technology. Such cutting devices normally include a
fast-running motor which carries at its shaft stump a
cutting member.

Honeycomb elements which are glued in hollow
chambers of various structural components to reinforce
the latter have been up till now utilized in the airplane
technology. These honeycomb elements are made of
aluminum, paper or plastics and must, before being
glued to respective structural components, be precisely
adjusted to various shapes of those components of the
airplane in order to also ensure that they would be able
to take up required forces.

Cutting of such elements has been problematic be-
cause the formed laminations or sheets should never be
buckled. Particularly if the elements must be cut trans-
versely of its honeycomb structure cutting forces would
deform the laminatious in the region of the cut. These
profiles become, however curved or buckled and are
unable to take up pulling or supporting forces over the
entire periphery of the profile.

The cutting of such elements has been performed by
conventional cutting arrangements which include either
a circular saw blade or a rotary milling cutter. A very
small stroke of the circumferential teeth of this tool for
the chip removal resulted in cutting. Cutting forces
required for removing chips from the workpiece are
frequently so high that the honeycomb structure is not
able to withstand them and becomes curved. Also
known is the utilization of simple flat circular blades.
The latter, however, do not produce a precise cut.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved cutting device for cutting thin-walled honey-
comb elements.

It is a further object of this invention to provide a
cutter which would ensure a fast and particularly harm-
less cutting of thin-walled light elements having a hon-
eycomb structure., -

These and other objects of the invention are attained
by a cutting device for cutting light elements having a
honeycomb structure, comprising a cutting member
rotatable at a high speed and having a circumference
and provided with a plurality of teeth at said circumfer-
ence, said cutting member including a cutter having a
sharp circumferential cutting edge and provided with
said teeth at said edge, said teeth having tooth flanks
extending in the direction of rotation, said flanks form-
ing cutting edges which continually ascend in the direc-
tion opposite to the direction of rotation.

When light structural components of honeycomb
structure have been cut up till now milling cutters or
saws have been used. A rotating blade or cutter is sug-

_ gested in the present invention, which has a sharp cut-
ting edge by which by which scrap metal is separated
from the workpiece to be used without chips to be
dropped. Curving and buckling of the laminations of the
elements being cut, even with a relatively strong stroke
perpendicularly to the honeycomb structure are practi-
cally completely avoided. The cutting can be advanta-
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2
geously performed with the speed of 15,000 to 80,000
rpm. For many materials, for example plastics, the
speed can be below 15,000 rpm.

The cutting device according to the invention is ca-
pable of making a number of successive short individual
cuts instead of a continual cut made by the blade with a
circular periphery.

By short, successive, quick cuts applied to the honey-
comb structure favorable buckle-free cut surfaces of the
laminations are produced. It is advantageous that all
teeth of the cutter are easy to manufacture.

It is possible in principle to form symmetrical teeth of
the cutter or with rounded tips so that the circumfer-
ence of the cutter would be wave-shaped. In the pro-
posed invention the teeth of the cutter are formed asym-
metrically and also saw-tooth-shaped whereby steep
flanks of the respective teeth ascend in the direction
opposite to the direction of rotation of the cutter. This
provides for much higher number of the cutting edges
as compared to those known in practice.

The steep flanks may have breaking surfaces ex-
tended transversely of said cutting edges. The breaking
surfaces may lie approximately in axial planes of said
cutter.

The cutter may have about 10 to 30 teeth, preferably
12 to 20 teeth, so that it can be easily utilized for honey-
comb structures of the elements used in the airplane
technology.

The cutting member may be disc-shaped, said cutter
having one end side and other end side and an axis of
rotation. The cutter may have at said one side a plane
normal to said axis of rotation, said cutting edges being
limited at said one side by said plane and at said other
side by conical surfaces steeply ascending towards a
center of the cutter. The cutter may have a flat hollow
having a conical surface at said one end side and con-
centrical with said axis, said cutting edges being limited
at said one side by said conical surface and at said other
side by conical surfaces steeply ascending towards a
center of the cutter. Said cutter may have said one end
side many flat hollows having conical surfaces which
are rotation-symmetrical with said axis, said cutting
edges being limited at said one end side by said conical
surfaces and at said other end side by conical surfaces
steeply ascending towards a center of the cutter. The
cutter should be formed relative to the stub shaft such
that a flat or conical surface of the cutting region of the
cutter would face away from the motor. The connec-
tion nut for the cutter should not overlap the holiow or
cavity formed at the front and of the cutter. The width
of the cutter and therefore the width of individual teeth
increases radially inwardly because the disc-shaped
cutting member has the teeth extending radially out-
wardly.

The cutter can have a workpiece side and a waste
material side. The flat or conical cavity or hollow at the
front end face of the cutter provides that the smooth cut
at the workpiece side is not influenced and also provides
a relatively rapid increase in the thickness towards the
back side of the cutter so that the cut-off material is
formed away from the place of the cut and does not
affect a further process.

The cutting edges can be, for example straight-line.
Each of the cutting edges of this invention may have the
shape of circular arc which has a radius corresponding
to an outer radius of the cutter and a center point which
is offset relative to a center point of the cutter. The arc
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of each cutting edge advantageously extends at right
angle to the respective breaking surface. Due to the
arc-shaped profile of the cutting edge the speed of the
cutter, as seen in the stroke direction, gradually in-
creases during each individual cutting step so that par-
ticularly small cutting forces in the dlrectlon of the
stroke can be apphed

The strong increase in the thickness of the cutter also
ensures that no low-frequency oscillations exert, which
can have a negative effect on the quality of the cut. The
cutting direction in the case of the flat conmstruction
must have small or no components in the direction of
the axis of the tool towards the workpiece.

The breaking surfaces on the cutting edges may be
elongated towards a center of the cutter. These break-
ing surfaces do not extend over the height of the flanks
but, as mentioned, are elongated towards the center of
the cutter so that the periphery of the cutter has a row
of successive very deep teeth positioned one after an-
other. The advantage of this construction resides in that
the increase of the gradually widened teeth is extended
towards the center of the cutter so that the cut-off mate-
rial separated from the workpiece is forced away from
the latter and its influence on the further cutting process
is prevented.

An angle of ascending of the cutting edges in the
direction opposite to the direction of rotation and rela-
tive to an axis extended through a respective cutting
edge may be between 3° and 25°, preferably 10°.

Each cutting edge may be defined by two surfaces, an
angle between said two surfaces in an axial plane of the
cutter being 8°-25°, preferably between 10° and 16°.

The quality of the cut is further defined by a relative
speed with which the circumference of the cutter is
moved relative to a workpiece. The cutting device
according to this invention is provided with means for
controlling the cutting speed to make it possible to use
the cutters of various diameters in the same cutting
device.

As mentioned above the cutter has the shape which
ensures that the cut-off material is deflected and forced
away from the cutter. In order to further improve this
action the cutting device is provided with a chip-
deflecting member which is attached to the cuiter at its
backside. This chip-deflecting member may include a
deflecting blade or deflecting cam surface which would
form a continuation of the cutter.

According to a further feature of this invention the
chip-deflecting member is formed as a rotation element
which is coaxial with the cutter and mounted on the
same rotary shaft with the cutter. Such chip-deflecting
member ensures a continual transmittal of the chipped
material from the cutter onto the chip-deflecting mem-
ber and thereby excludes a negative action on the cut-
ting process of the discontinual chip-deflection.

The chip-deflecting member has outer circumferen-
tial edges which at the sides facing towards said cutter
substantially lie against said cutter; said chip-deflecting
member has an outer diameter smaller than that of teeth
tips of the cutter but greater than the diameter of the
roots of the teeth of the cutter. The chip-deflecting
member therefore engages a gap formed in the tool and
ensures that material chips are forced away from the
cutter right after the start of the cutting process so that
no separated or broken particles of the material being
cut can be seen at the location of the cut itself.

The chip-deflecting member may be a disc-shaped
milling cutter. Such milling cutter further reduces the
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size of the chips, cut off from the workpiece by the
cutter, in the immediate proximity of the cutter, and
these further reduced particles can be sucked off or
blown away from the tool. Furthermore, larger cut-off
material pieces can be prevented from depositing on
and folding into the honeycomb-shaped workpiece
being cut. It could be defined by the direction of the
course of the milling teeth whether the material is cut
off or broken up. The disc-shaped milling cutter may
have obliquely-extended cutting edges.

The milling cutter may have teeth having flanks
which gradually ascend in the direction of rotation.
Due to the arrangement of the cutting edges in relation
with the direction of rotation and owing to the selection
of the angle of obliquety of the teeth the guidance of the
material chips and reaction of the milling cutter to a
position of the cutter, material parameters and the like
can be controlled.

The chip-deflecting member may be disc-shaped and
may be formed with a smooth flute-shaped cavity ex-
tended in the direction of rotation. The cut-off material
is not further cut or reduced in size in that cavity but is
only deflected.

The chip-deflecting member may be a spur gear with
inclined teeth. This spur gear or wheel is so manufac-
tured that a spiral toothing is provided on the outer
circumference of the cylindrical body of the gear. The

. spur gear with oblique teeth is very effective for reduc-
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ing the chips in size and for guiding them away from the
cut whereby no damage can be done to the surfaces of
the cut.

A plurality of successive chip-breaking grooves may
be formed in the teeth of the spur gear at the tooth tips.
These grooves are oblique or spiral in the direction of
rotation of the tool and have proven to be very effec-
tive.

The spur gear may have asymmetrical teeth with
tooth tips which are offset in the direction of rotation
and form the cutting edges. If the distance of the cutting
edges from the axis of rotation, as seen in the direction
of rotation, increases the distance of the tooth flank of
each tooth from the respective cutting edge in the direc-
tion of rotation decreases.

Owing to the provision of asymmetrical teeth not
only a favorable orientation of the cutting edges relative
to the material cut off by the cutter is obtained but also
a high rigidity of the teeth is provided.

According to still another feature of this invention
the depth of the chip-breaking grooves formed in the
chip-deflecting member does not exceed the height of
the tooth tips and also the height of the portions of the
teeth which are inclined to form the cutting edges.

The grooves in the chip-deflecting member may be
formed by a fine thread which could be also a multiple
thread, whereby the manufacture of the grooves is not
only facilitated but also makes possible to form the pitch
of the thread so that, upon the rotation of the tool, the
material chips which are taken along by the chip-
deflecting member, are engaged in the chip-breaking
grooves and forced away from the cut.

The cutting member of this invention may be bell-
shaped and may be hollow and have an outer surface
having a frustoconical portion and a cylindrical portion,
said cutter being formed on said frusto conical portion;
the cutter may be formed with an inner conical rotation
surface, said inner surface and said frustoconical portion
merging into each other at a circumference of the cutter
at an acute angle, said rotation surface having a series of



4,620,821

5

outer flanks and a series of opositely lying inner flanks,
said outer flanks and said inner flanks being respectively
inclined to each other and to the circumference of the
cutter such that they form cutting edges axially ascend-
ing in the direction opposite to the direction of rotation.

The outer rotation surface of the bell-shaped cutting
member may be not only conical, but also cylindrical or
curved. The inner rotation surface of the hollow cutting
member limits the cavity or recess of the cutter and runs
at an acute angle to a free edge of the outer rotation
surface to form at the intersection of these surfaces a
circular cutting edge. In operation such cutting member
has no oscillations the frequency of which lies in the
range of the oscillations of the cutting process.

The arrangement of individual cutting edges, and
particularly of the breaking edges, is similar to that of
the cutting edges of the disc-shaped cutting member
with the difference that the cutting edges of the bell-
shaped cutting member ascend axially in the direction
of rotation and not radially as is the case in the disc-
shaped cutter. The cutting edges do not extend pre-
cisely in the circumferential direction but are slightly
inclined thereto, as seen in a radial direction, whereby
the rear end of each cutting edge, which projects the
greatest distance in the axial direction, lies precisely on
the circumferential line of the tool whereas the front
end of each cutting edge, as seen in the direction of
rotation, is offset inwardly relative to the circumferen-
tial line of the tool.

The cutter according to the present invention oper-
ates according to a principle of a so-called line-milling
cutter where the cutter travels back and forth along the
line, and this line is displaced longitudinally until a
desired surface on the workpiece is cut off. The axis of
the cutter is slightly inclined in the direction of the
stroke transversely of that line so that the middie of the
cutter is not cut off.

The bell-shaped cutting member requires no individ-
ual chip-deflecting element because the outer and inner
rotation surfaces serve as deflecting means for deflect-
ing material chips away from the cutting edges of the
cutter. It is possible to make cuts with the middle por-
tion of the bell-shaped cutter as well as with a circum-
ferential portion. It is possible to use the bell-shaped
cutter to cut off three-dimensional curved surfaces of
honeycomb structures, for example in the case if it is
required to support from inside aerodynamic deformed
portions of an airplane outer skin. The bell-shaped mill-
ing cutter has the advantage that the laminations of the
honeycomb structure by no means will become curved,
cracked or damaged and the honeycomb structure
being cut will take up precisely defined loads.

The outer flanks of the cutting edges of bell-shaped
cutting member may be substantially flat and extend
parallel to an axial plane at said frusto conical surface
portion or parallel to the tangential planes.

The outer rotation surface extends only over a por-
tion of the length of the tool and a conical transition
zone is provided between the outer rotation surface and
a cylindrical portion of the tool.

Preferably the outer flanks lie in the planes which
extend ‘parallel to a neighboring tangential plane on the
outer rotation surface; the inner flanks can be formed on
the surface defining the inner rotation surface when
curved cutting edges are desired.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
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to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiments when read in connection with the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a cutter joined with a
milling cutter formed as a deflecting device;

FIG. 2 is a sectional view of the cutter of FIG. 1
Jjoined with a deflection roller as a deflecting device;

FIG. 3 is an enlarged rear view of the disc-shaped
cutter of FIG. 1;

FIG. 4 is an enlarged axial view of the disc-shaped
cutter of FIG. 1;

FIG. 5 is a sectional view of the cutter of FIG. 1 in
conjunction with a spiral or toothed spur gear formed as
a deflecting device;

FIG. 6 is the rear view view in portion, of the cutter
of FIGS. 3 and 4 with the two-side breaking surfaces;

FIG. 7 is a rear view of FIG. 6;

FIG. 8 is a side view of a bell-shaped cutter according
to another embodiment of the invention; and

FIG. 9 is a sectional view through the cutter of FIG.
8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings more specifically the
circular or disc-shaped cutting knife is designated by
reference numeral 1. Reference numeral 2 identifies to
central axis of the knife. Cutting knife or blade 1 is
mounted in the known fashion on a rotating shaft of the
cutting device.

The cutter 1 has a diameter of 45 mm and has a free
relatively flat hollow with a conical surface 40 which is
formed at the front edge of the cutter and has a cone
angle of, for example 170°. Accordingly, angle 8 shown
in FIG. 4 is, for example 5°. Centrally of the cutter the
latter has a bore in which a shaft stump is received,
which does not extend over a plane 3. A nut placed in
the left-side central recess of the cutter serves for secur-
ing the cutter to the shaft.

The cutter 1 has on the periphery thereof teeth 10 as
clearly seen in FIG. 3. Teeth 10 have tooth flanks 9
which form in the direction of rotation a cutting edge 11
which lies laterally in the plane 3.

The right-side portion of the cutter 1 in the plane of
FIGS. 1 and 2 ascends at the circumference of the cut-
ter towards the side of the cutter with the cone angle of
140° so that angle o shown in FIG. 4 is 20°. The cutter
1 in its central region has at the side, facing away from
front surface 3, an abutment support.

Adjoined to cutter 1 is a disc-shaped milling cutter 5
which is mounted on the same shaft with blade 1 and
coaxially thereto. Cylindrical milling cutter 5 carries on
the outer circumference milling teeth 6.

Cutter 5 lies immediately at the cutting blade 1 and
has a frustoconical recess at its end surface so that the
edges of milling teeth 6, facing towards the cutting
blade 1 entirely or partially contact the adjacent flanks
of cutting teeth 10. The outer circumference of milling
cutter 5 is smaller than that of the cutting blade 1 but
greater than a root line 14 of the cutting teeth 10.

Milling teeth 10 can run obliquely or spirally.

FIG. 2 shows the cutting blade similar to that of FIG.
1 but in conjunction with a deflecting roller 7 instead of
disc-shaped milling cutter 5. This deflecting roller has
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the same structural and connection dimensions as the
milling cutting 5. Deflecting roller 7 has on its circum-
ference a hollow flute or channel 8 which has such a
profile that upon a continual extension of the inner
profile in the direction towards cutter 1 this extension
cuts the tooth tips.

FIG. 3 shows the blade which is provided at its lat-
eral side either with the milling cutter or deflecting
roller 7, on which a drive, for example a pressure air
motor with 15,000 rpm, is mounted.

The disc-shaped milling cutter which is shown herein
has a diameter 45 mm and is provided with sixteen
countersinks 9 so that sixteen teeth 10 are formed. Only
two of these teeth are shown for the sake of simplicity.
The depth of the tooth t is about 1.5 mm. The direction
of rotation of blade 1 is shown by the arrow.

It is understandable that teeth 10 are formed as saw
teeth whereby the edge of the cutter, gradually increas-
ing over the tooth depth t, forms an arc and also forms
a cutting edge 11 which lies in plane 3. Each cutting
edge continually ascends in the direction opposite to the
direction of rotation of the tool.

A second tooth edge 12 is right-angled to the cutting
edge 11. Tooth edge 12 abruptly descends over the
tooth depth t and is formed by one deflecting surface
which is inclined by an angle about 10° to the connec-
tion between the cehtral axis 2 and the tip of tooth 10.
The thickness of the tooth also increases with the rise of
cutting edge 11 so that the tooth thickness is very small
where a next tooth runs up in the direction of the arrow
against the material being cut, the tooth thickness in-
creasing at a uniform radial distance towards the central
axis 2 so that, upon a continual penetration of the cut-
ting edge into the material the cut-off material is pressed
to the side due to the increasing tooth thickness.

The surfaces formed by tooth flanks 9 enclose with
the end face 3 (FIG. 1) a cutting angle of about 20°. The
outer surfaces of tooth flanks 9 and the intermediate
region of the cutting edge 11 are fine ground. The radial
extension of the tooth flank 9 is about 7 mm.

The disc-shaped milling cutter 5 preferably has the
teeth which, simularly to the teeth of blade 1 have at
their tooth flanks gradually increasing tooth thickness
or tooth height in the direction of movement of the
milling cutter. The ground milling cutter or chip
breaker has twelve teeth and may have either the right
spiral thread or the left spiral thread.

Flute or recess 8 of the deflecting roller 7 preferably
has a radius of about 10 mm and extends at its side
facing the blade 1 at an angle of 20° to the radial plane.
The diameter of the deflecting roller or the milling
cutter is preferably from 3 to 5% smaller than the diam-
eter of cutter 1. The tooth thickness of the teeth of
milling cutter 5 is about 4.5 mm. The above dimensions
have proven to be advantageous by test results. The
above-described tool despite its outstanding action can
be manufactured with comparatively small expenses.

FIG. 5 illustrates another embodiment of a chip-
deflecting member 17 the whole shape and dimensions
of which correspond to those of the deflecting member
5 of FIG. 1 and deflecting member 7 of FIG. 2. The
deflecting member 17 of FIG. § is a cylindrical element
which is a spur gear and has instead of milling cutting
teeth 6 of milling cutter 5 spirally or obliquely extend-
ing teeth 18. A fine thread 19 is cut in the outer circum-
ference of the spirally or obliquely extending teeth of
deflecting member 17, this fine thread forming chip-
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8
breaking grooves. The depth of chip-breaking grooves
19 is about one fourth of the depth of each tooth 18.

The teeth lying at the front flanks in the direction of
rotation as shown by the arrow in FIG. 3 abruptly or
steeply descend towards the tooth foot whereas the
teeth lying at the rear flanks descend relatively
smoothly. Thereby the steeply-descending tooth face
extends towards the outer periphery of the deflecting
member whereas the rear-side tooth flank merges into
the inclined ground surface 20 which ends at the tooth
cutting edge. The basic structural dimensions and at-
tachment dimensions of the deflecting number 17 for
attaching to the cutter 1 correspond to those described
for FIGS. 1 and 2. The fine thread which forms chip-
breaking grooves 19 has a portion of, for example 1-2
mm. Deflecting member 17 has 30 obliquely-extending
teeth.

The circular cutter shown in FIGS. 6 and 7 is distin-
guished from the cutter depicted in FIG. 3 in that be-
sides tooth flanks 9 produced on the individual teeth on
the conical front surface of the cutter, similar flanks are
also provided on the back side of the cutter. Flanks 92
which are formed on the underside or backside of the
cutter are shown in FIG. 7. Therefore as seen in FIGS.
6 and 7 both sides of the cutter 1 are provided with
flanks. Breaking edges 12 and 12z also extend at both
sides of the cutter 1, these breaking edges forming the
corresponding guiding breaking surfaces leading to a
next tooth of the cutter. In this embodiment similarly to
the embodiment of FIG. 4 a somewhat rectangular
region 13 is limited by each inner hollow conical surface
of the respective tooth.

According to FIGS. 6 and 7 flanks 9 are provided
from above and flanks 9a, extended in the same direc-
tion, are provided from below whereby in this construc-
tion, when the inclination of the flanks remains un-
changed, the cutting edge 11 ascends stronger than in
the construction according to FIGS. 3 and 4.

FIGS. 8 and 9 illustrate still another embodiment of
the invention, in which the cutter 21 has the shape of
the bell. The outer contour of the cutter 21 is defined by
a very steep frustoconical surface 22 which starts at the
free cutting end of the tool and extends over about 15
mm in the axial direction of the cutter. The average
angle of the extension of this frustoconical surface is
about 20°. The rear edge of the portion defined by frus-
toconical surface 22 is joined with a flat conical transi-
tion portion which forms a tapering of the tool towards
its shaft. )

Near its front edge has the cutter 21 an inner rotation
surface 23 which is dish-shaped, this surface at the front
end of the cutter cutting into the frustoconical surface
22 thus forming a sharp edge. Cutting edges 31 are
formed by this sharp edge.

An inner flank 25 which is inclined relative to the
inner rotation surface 23 and an outer flank 24 which is
formed in substantially one plane which is parallel to
the tangential plane of the frustoconical surface 22, so
that this targential plane is formed at one location
which, as seen in the direction of rotation, lies around a
small angular region before the flank 24. Thereby flank
24 is inclined to the circumferential direction in such a
manner that the front end of the cutting edge 31 limited
by flank 24 lies within the circumference whereas the
rear end of this edge lies on the circumference. The rear
end of the cutting edge lies exactly on the circumfer-
ence whereas the front end is axially rearwardly offset
relative to the rear end.



4,620,821

9

Outer and inner flanks following one after another
are offset towards the following tooth by the outer
breaking surface 124 and the inner breaking surface 12b.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of cutting devices for
cutting honeycomb structures differing from the types
described above.

While the invention has been illustrated and de-
scribed as embodied in a cutting device for cutting
honeycomb structures, it is not intended to be limited to
the details shown, since various modifications and struc-
tural changes may be made without departing in any
way from the spirit of the present invention.

Without further analysis, the foregoing will so fully
revesal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects of
this invention.

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

1. A cutting device for cutting light elements having
a honeycomb structure, comprising a cutting member
having a direction of rotation and means for connecting
with a rotary drive source and having a circumference
provided with a plurality of teeth extending around said
circumference, said teeth having sharpened tooth flanks
forming curved circumferential cutting edges which
continually and gradually radially ascend in the direc-
tion opposite to the direction of rotation, each of said
teeth also having a radially extending edge extending at
right angles to said circumferential cutting edge, said
radial edge forming a radial step between the flanks of
adjacent teeth, and each of said teeth having a thickness
in a direction normal to said radial direction which
gradually increases in a direction radially inward of said
to tooth flanks.

2. The device as defined in claim 1, wherein said
flanks have breaking surfaces (12) extended transversely
of said cutting edges.

3. The device as defined in claim 2, wherein said
breaking surfaces (12) lie approximately in axial planes
of said cutter.

4. The device as defined in claim 3, wherein said
cutter has about 10 to 30 teeth.

S. The device as defined in claim 4, wherein said
cutter has 12 to 20 teeth.

6. The device as defined in claim 3, wherein said
cutting member is disc-shaped, said cutter having one
end side and other end side and an axis of rotation.

7. The device as defined in claim 6, wherein said
cutter has at said one side a plane normal to said axis of
rotation, said cutting edges being limited at said one side
by said plane and at said other side by conical surfaces
steeply ascending towards a center of the cutter.

8. The device as defined in claim 6, wherein said
cutter has a flat hollow having a conical surface at said
one end side and concentrical with said axis, said cutting
edges being limited at said one side by said conical
surface and at said other side by conical surfaces steeply
ascending towards a center of the cutter.

9. The device as defined in claim 6, wherein said
cutter has at said one end side flat hollows having coni-
cal surfaces which are rotation-symmetrical with said
axis, said cutting edges being limited at said one end side
by said conical surfaces and at said other end side by

20

25

35

40

45

55

60

65

10
conical surfaces steeply ascending towards a center of
the cutter.

10. The device as defined in claim 8, wherein said
breaking surfaces (12) are formed by raising steps at said
one end side of the cutter.

11. The device as defined in claim 6, wherein each of
said cutting edges has the shape of circular arc which
has a radius corresponding to an outer radius of the
cutter and a center point which is offset relative to a
center point of the cutter.

12. The device as defined in claim 11, wherein said
breaking surfaces are elongated towards a center of the
cutter.

13. The device as defined in claim 12, wherein an
angle of ascending of said cutting edges in the direction
opposite to the direction of rotation and relative to an
axis extended through a respective cutting edge is be-
tween 3° and 25°.

14. The device as defined in claim 13, wherein said
angle is 10°,

15. The device as defined in claim 12, wherein each
cutting edge is defined by two surfaces, an angle be-
tween said two surfaces in an axial plane of the cutter
being 8°-25°,

16. The device as defined in claim 15, wherein said
angle is between 12° and 16°,

17. The device as defined in claim 12, further includ-
ing a chip-deflecting member for deflecting cut-off ma-
terial, said chip-deflecting member being attached to
said cutter at said other end side thereof.

18. The device as defined in claim 17, wherein said
chip-deflecting member is arranged coaxially with said
cutter and on a mutual rotating shaft therewith.

19. The device as defined in claim 18, wherein said
chip-deflecting member has outer circumferential edges
which at the sides facing towards said cutter substan-
tially lie against said cutter, said chip-deflecting member
having an outer diameter greater than that of teeth roots
of the cutter but smaller than that of teeth tips.

20. The device as defined in claim 19, wherein said
chip-deflecting member is a disc-shaped milling cutter.

21. The device as defined in claim 20, wherein said
milling cutter has obliquely-extended cutting edges.

22. The device as defined in claim 21, wherein the
milling cutter has teeth having flanks which gradually
ascend in the direction of rotation.

23. The device as defined in claim 18, wherein said
chip-deflecting number is disc-shaped and is formed
with a smooth flute-shaped cavity extended in the direc-
tion of rotation.

24. The device as defined in claim 18, wherein said
chip-deflecting member is a spur gear with inclined
teeth.

25. The device as defined in claim 24, wherein said
gear has asymmetrical teeth with tooth tips which are
offset in the direction of rotation and form cutting
edges.

26. The device as defined in claim 25, wherein a plu-
rality of successive chip-breaking grooves are formed in
said teeth of the spur gear at the tooth tips.

27. The device as defined in claim 27, wherein the
depth of said grooves is such that it does not exceed the
height of the tooth tips.

28. The device as defined in claim 27, wherein said
grooves are formed by a fine thread.

29. The device as defined in claim 28, wherein said
thread has a pitch, which is arranged relative to the
direction of rotation such that the chip-breaking
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grooves forming a course of the thread drift from said
cutting edges of the cutter upon rotation of the cutter.

30. The device as defined in claim 28, wherein with a
given outer diameter of the spur gear the tooth depth of
its teeth is about D/25, the number of the teeth of the
gear is 25 to 50, the width of the gear is about D/3 and
the pitch of the thread is about D/50.

31. The device as defined in claim 3, wherein said
cutting member is bell-shaped.

32. The device as defined in claim 31, said cutting
member being hollow and has an outer surface having a
frustoconical portion and a cylindrical portion, said
cutter being formed on said frustoconical portion, said
cutter being formed with an inner conical rotation sur-
face, said inner surface and said frustoconical portion
merging into each other at a circumference of the cutter
at an acute angle, said inner rotation surface having a
series of outer flanks (24) and a series of oppositely lying
inner flanks (25), said outer flanks and said inner flanks
being respectively inclined to each other and to the
circumference of the cutter such that they form cutting
edges (31) axially ascending in the direction opposite to
the direction of rotation.

33. The device as defined in claim 32, wherein the
outer flanks (24) are substantially flat and extend paral-
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lel to an axial plane at said frustoconical surface portion
(22).

34. The device as defined in claim 32, wherein the
outer flanks (24) are substantially flat and extend paral-
lel to a tangential plane at said frustoconical portion
(22).

35. The device as defined in claim 32, wherein said
cutting edges have ends lying in the direction of rota-
tion within the circumference and other ends lying on
the circumference.

36. The device as defined in claim 32, wherein said
frustoconical portion is defined by a cone with an aver-
age angle of about 20°.

37. The device as defined in claim 32, wherein the
outer flanks (24) extend over the entire length of said
frustoconical portion.

38. The device as defined in claim 37, wherein said
inner rotation surface encloses a cavity which has the
length in an axial direction of the cutting member which
is equal to the length of said frustoconical portion.

39. The device as defined in claim 38, wherein the
length of said cavity is about 0.2 of the diameter of the
cutting member at the circumference of said cutting
edges.
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